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(54) LECITHINIZED SUPEROXIDE DISMUTASE AND 
MEDICINE COMPRISING THE SAME AS ACTIVE 
INGREDIENT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a lecithinized 
superoxide dismutase having enhanced pharmacological 
activity and a medicine comprising the same as an active 
ingredient. 



obtained by bonding lysolecithin by chemical 
cross-linking to a human type superoxide dismutase 
which coordinates copper and/or zinc and into which a 
2-hydroxyethylthio group is introduced to the mercapto 
group of cystine at the 111 position. The objective 
medicine comprises the lecithinized superoxide dismutase 
as an active ingredient. 
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SOLUTION: This lecithinized superoxide dismutase is 
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1^*^11 TIE^ [1] -t?^^i^S^-v'^Wk;^- 
A- [C(0)-(CH,).C(0)-B] . •••[!] 
A :i«Sys/X«:M^*siB^bfc, 111 fic©i^;^7^'f V 

m : IJJiJtroSI^. 

n : 2&,±<Dmmc 
IM*:92l n :JS2~10©S»-efc-5. it*«l©^' 
[it*^4l 2*fctt3©V'v'9^>-'fk><.— 
lO 0 0 1 1 
[0 0 0 2] 

DS) DDS^f^. ^ifeSri£^^i-f-^IHS<5:--. 

[0 0 0 31 T>T>SKm^^hfl^^^VTb\.Xnm^ 

[0 0 0 4] LT^aW^cC^^t- 

[0 0 0 51 ;^^v^Ky='^^Ai?^— if 

^ife^^t*<o^^^f^(;ijt£<5>;ftjb. i^SS (:7y-) coSJS 
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K^^^ffi. ep^^. TKyT'^-rv'v/^^^(^®j^^j(7) 

S m.^mM}i\^x\%. ^r^v^^^T. 1 7#. 411 H 
(1981^) #M) o 
10 [00061 

ttSo SOD<DjJLtl3H^i^MSrJt;*C$ii:6fcd6(C, SOD 

[0 0 0 71 b:0^b. r7 >(::i--;\^^fz.nMy)::r.^\^-^^ 

y n ^/u-^jgf^ ^ S O D (•ifeiig'tt;^^ ^ r ^ 

[0 0 0 81 ^^^^^e>^^rv^^®>^(D^^f^soDfi. -r 

[0 0 0 91 *5IM*?>f^. SOD(^DDS>fk;{C 

30 ^SS^ $ •^;^c v- Ky^"-^ ^ — 
•^^^^V^mbfc (#M¥3 - 1 6 3 1 0 0^<^## 

;6SBB^aufc. 1 1 l>e:^5-fey v-Cfo^t h**OSOD 
J^^jg^T^fc-Srtt^V^fcbfc (iRp^^6-5 4 6 8 1 

[0 0 101 

[ra®^»«:i-sfcA?><o^®i r^^?>«e 

^:^2>.^ — ^ Srffl V ^fc v-->^ >{t:;^ V- K-r >f 
;^i.>5^-if?r^V^aLfce 

[0 0 1 1 1 r<o#^oi^>-^wk;^— 

«^J-c*>5c TIB* [1] -e^^ttsv-^'^wt:;^-^'? 

— i/ Ky^^ ;^ i^ ^ --if o 

A- [C(0)-(CH2)„C(0)- B] , • • • [1] 

A : m^X.X^/'^fz.nM.^^mWMLX^f^. Ill ^(O-^:^"!- 
50 V<D;^/P;d:7'bS{ci2-t: ^^rv'^^/W^;^-^:^^^ 
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n : 2}il±(Dm^ 
[0 0 12] 

-0-CH(CH20R) [CH^OPCO) (0 ) (0CH2CH2N+ (CH3)3] 



[0 0 131 ;*:5l9eoi/>-^Wk^— ;^^v'K7^>f 
:^—^<—:t^i^Vy'>c:^J^^—^ («T. Cu-Zn^Cys- 

111-ME-h-SOD^ V^ 5) 1 m&.±^^^'±xnhiv^o 

[0 0 14] Bf^. TIE^ [2] xm^tl^^V-^ri-^ 



[2] 



8 '-30Ofiafp-';f:«Sfp(DJigJISK^S;55i? ^ b 
mmMXiy^o Cu-Zn ^Cys-lll-ME-h-SODtcy >^Vv-^ 

>(omm'^>2m&.±h^m^\^. ^tvhv-^i^i^'^xo 

aSfcis ft ^ R f^S/c^ o r V ^T ^> J: V \ 
[0 0 151 -hIES: [1] ^(0)-(CH2)X(0)- 

H0-C(0)-(CH2)„C(0)-0H r*^$tb^ffilv^:^;/l-/K> 

[0 0 161 :L<Di\::^&^m:^^nn. ±mv y^x^-i^^i^B 

<omi^\^. Cu-ZnMCys-lll-ME-SOD^^T ^ymtT^ K 

{C:JoVNT. n{i2W±(DK|g:T**>!9. -(CH2)„- (iiSffi 
r/Wdrl^>^S«r*b> #(Cn>dS2'-10CDil^)Kr/V^V' 

[0 0 171 _btB^ [1] -e^$ix5 Vi/^^-fh: Cu-Zn 
MCys~lll-ME-h-SODJ^. Mx.{f Cu-ZnMm#l^h-SOD ^ 

[3] <ov :^i^^^^>mm#^t\^xy)mi^^iv:bo 

Z-C(0)-(CH2)nC(0)-B- • • [3] 

±15^:4'. B. nn^ [1] (om^tmmxh^o ^ 

[3] ^Z{^:^mm. *fcfiStt^;^7^7WSr?^^-r^S 

=^->-5- y/^#/v;^V-2,3- v^:3?;/V'jK:/K>r ^ K. 8-t: 
(AMftfe. r-<:/5^K-a^^<oSflft^g^j (198 

5)^» (») ^n. mm) o 



[00181^ [3] xm^ti^v yi^i^^>mmi^t 

Cu-ZnMCys-lll-ME-h-SODt(D)^^:&ffit bTfi:. M;t 
««T<Dt)<D;55^ff ^>ti.^o ^ [3] ^^*5V^TZJ^5*^ 

20 K. i-:3^^/v-3-(3-v^^^/V'r ^ y :7^a tvi-) ;jt7/V5jfi;? 

[3] (oit^m(D7s<mm^mmxp\i4'-^6\cmm\^. m 

M*fcfi:0t:T*l-in^/W-3-(3-v^p<^/VT^ /:7'n 

5o SOD^*P^^M*^cJ*0t:-eiB#rapH^4~6JC 
tfti$ b-?rOm 5 -^20mmmWV^ Cu-ZnMCy 
s-lll-ME-h-SOD^#^o 
[0 0 1 91 ^ [3] ^C:feV^TZ:^S^^4:ll;;^7^yl^^?f^J^ 

-r ^ h ^ /v^^^/i^s^ i^v ^yt s Sr^-r^^fi. cu- 
30 Zn^Cys-iii-ME-h-soD t ii:g^«e^s^;5 :Lhi^X^ So 
SiSfi. it^^m^Y^)^2>.^ y :/^-^hy y>^ 

^l^^m^V^h Cu-ZnSCys-lll-ME-h-SODS'^^-r-5 r h 
[0 0 2 01 i^^^Sf^^iSCr. N,N-v^y ^/W:^)^/l-i>.r ^ 

:$5T*^ 5o -20'-50t::^5^?^ L < . 0 --20^: 

[0 0 2 11 ^ [3] T*^^tt5Wv-^>-p^#:cDtt3i 
*fi. Cu-ZnMCys-lll-ME-h-SOD<DT ^ J S(->^ bTO. 
2 -'8^/J^»;^S3g^T-fc^^ rotl:jZ^^i:b(Cj;or Cu- 
ZnSCys-lll-ME-h-SOD{Cj^'g'$'y:Slxv'^>-f|*#: (S: 
[3] ) <5D:^^»SrlSS-r5r ^^5i?^>5o 
[0 0 2 21 rcoj; 5(-br#^ttfcS;S*SJ-f*l^^>^ 
:/>fb Cu-ZnSCys-lll-ME-h-SODt*Sje Cu-ZnMCys— 1 
U-ME-r-h-SOD . *5 J^U^^I^SiS 
50 S;5^ HJcS*KSr>>^/vjli3a^3j:tK^;^->-3Sm:'??^^i^t3'^ 
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h^^:7^-'{cii'r^-t{cxy)mm(Du->^i^>(t cu- 

ZriMCys-lll-ME-h-SODSrW-Sr i^tc. :l<D 

i: 5^wb•r#?>^^fel^^'^Wb Cu-ZnMCys-lll-ME-h-S 
0D(^, oll^ Cu-ZnmCys'in-m-h~SOmz.m>^ (D^(DUiy 

[00231 ^^^^it^m t LT Cu-ZnMCys-lll-ME 

ZnMCys-lll-ME-h-SODSrM{C>^/Witia. >r ;^:^^lfe:J^ y 

Mc0^cOl/i/^^/M##:^S^'^LyhWi/^Wt: Cu-ZnM 
Cys-lll-ME-h-SODSr#^ h t^^^mx*^^^ Cu-ZnMCy 
s-lll-ME-h-SOD 1 5>^S>fc t) <7) l^v-^^J^^IS: (S: 
[1] (c^^tt^m ) fi, #f;l|5B^$^^'5t><o•C^^Jfev^ 

[0 0 2 41 ^ [3] mt^mcomit'^mhL.xvi,. T 
IBS; [4] -C*$i^6^^*ifeS^H-B•c«$i^5y 

^;^cfl. TIB^ [5] 
n ^ vg^^N— :7 ^ y^/i^MTk^ ^H- B r*^ $ 

[-C(0)-(CH2)nC(0)-]=0 . • • [4] 

[Z*-0-C(0)-(CH2)„C(0)-]2=0 • • • [5] 

rrr^B, n\^^ [1] (o^^tmmxh^o 
/i-ixy/ws. hy^^/w->y/^ffi, by p«5^/pvy/>s 

[0 0 2 51 rtte^K^^^Ky-^^N— :7:ii>^v^/l-^7kifeSr 
fflv^TS [3] (Oft^^^Kati-^SiSfl. 

t'yv?^-, f-^yi^v. by^^/i^r^^^. 4-v?;^^/v 

T^J 4-b*--<y i^y t^y ^*;05^VN?>n 

*bvv S^S^raJiii^2'-24^ra-e*>§o 

[0 0 2 61 ^ [5] (Dmi^:^&tvxn. ^m-r^:^ 

[0 0 2 71 :^^mxm\^^^ Cu-ZnMCys-lll-ME-h-SOD 
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5wt{Cj:oT#e>ix^ (4#IS^6-199895-^<2^$6# 
fig) o t h^>^-^^-;^^iXKx>r:^iN^— ^f*. 

[0 0 2 81 :^^m\^m^^mm(ommt i^x^t. aw 

[00291 *^5g<oi^v-^wt:;^— Kt'^ 

OT*^i;^CV^;^iS, moOOl-lOOmg /Aa*;^>5ji^'efc 

O-OOl-lOmg/AmS^J^^giibV^ 1 
nigmOOO^::^^/ h (U) {c+a^-r^c WT{c:2^5IMS^^ 

[0 0 3 01 

[^jfe^^yi 

^-<i^'^i^^^mzMm^^ox.\a^n\.. dcc (1,3- 

v?i/:^^ n-^^ri//W;«7/U4^^v?>r ^ K) 5, 8 g (28mmol) 

30 L. m±m^\.x. mmki'^m^mrio 
[0 0 3 11 i^mn) 

ri/y-fep— /ix(D2^^^;65*^STfe^y y'l/v'^zxs g 

(5.9imnol) (O^ uvi^/UMs~}^'V -J>^i80ml/20ml) MM 

DMP(N,N- v^y ^/l^T^ y b'y v^>') 2, 16g 
(17.7mmol) . 9-^l^i:^/U:t^l^:fy/U:^:=^/U-l- J ^Tl^ 
I^MtK^^IO. 0 g (17. 7mmol) -^M^^ 60t:T*15»f L 

40 i^ : y^/— /V:*=4 : 5 : 1 (10ml) ^Mx.XMm 
U mm\cx^mitLtcyC:^:y^m:^9J>^ (Dowex 50W- 

x8) Kmi^tio 

[0 0 3 21 TLc\z.x\) Bm^t^^^^mi.. mm^ 

m^1t^m,91g (5,0mmol . 85%) Sr»fCo 
^H-NMR (CDCI3) 

0. 84 (t, 3H), 1. 20(brs), 1. 50-1. 70(brs, 6H), 2. 20-2. 40 (b 
rs, 6H) , 3. 38 (s, 9H) , 3. 80-4. 00 (m, 4H) , 4. 20-4. 40 (m, 4H) , 
5. 10 (s, 2H) , 5. 20 (m, IH) , 7. 30 (m, 5H) . 
50 [0 0 3 31 (^^^!l3) 
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2-(9- }c }^u^l^:fy/\^^:=,/uy-i-y^/u) y>^V-->^V 

^J5K^?!I2t?»e>^^fc2-(9- ^>'i^/u:^^i^:fy/u:^:=^/uy 
-TJ^/V) y >^Wv-^>3.91g (S.OOmmol) ^^^^^ 
71— Tfc (225ml/25ml) *^>fk:^^^ i^^^ A3. 

fee ir^>r h-e«iabi^ffiSffiLfc#. aaE^i/y;!^^ 

/l-;^^i^J:!9*t$tL-C. :glS'ft:'g^i^2. 37 (3.41mmol. 61 
%) 

[0 0 3 41 {^miA) 

'^^^J3-e#e>ttfc:j?7/W2K:x^2.0 g(2.98mmol ) Srv? 
:J^pa^>5^'>^50mHc^^S'y:TOt:{c?^&iPb. N-t Kn 
K343mg(2.98inmol) , 7^^-/1^20 
9mg(2.98mmol) Sr^ cD]liT*;(?Px.f:io RfilDD C769mg(3- 
73niiiiol) ^v^i5^nn^>$^>8ml{C^«Pb/Co ^CD^Jft^ 

[0 0 3 5] (^^^J5) 
11- -<>i^/U:;t^iy:fy/V:^:=,/l.~l- ^ l^^f ly'm^^m 

10 0 3 61 (^^^?!I6) 

2-(ii-^^/s^/i/;t-^->:«?/v#=/v57>7=^:^y>r/w) yy^ 

Lfco 

[0 0 3 71 {^m.mi) 

2-(ll-t: Yxi^^y^jVif^:=.;V^lyy'^ J y( ;\.) ]) ^Uiy 

[0 0 3 81 (^miS) 
2-(ll-t Vu^-y:j(j/u:fi:=L/u^>^y^:fy y yf /u) yy^i^e/ 

[0 0 3 91 (^^M9) 

[0 0 4 01 i^f^mi 0) 
2-(6- ^:/i^/i^;r^V;^/i^#:=iyi^^:3^f-y >r/w) Vy^u 
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[0 0 4 11 {^^mi 1) 

[0 0 4 21 (-a^^Ml 2) 

^J5£^j4 i mmic^^m 1 1 T*#e>*xfc;«?/w^v^j: 

10 ^^Ltco 

[0 0 4 31 (^^mi 3) 

ODS Sr^«Lfc;«7^A(cJ:!9 
^H-NMR (CDCI3) 

0. 84 (t, 3H), L 20(brs), L 52-1. 60(brs, 2H), 1. 80-1. 95 
(m, 2H) , 2. 20-2. 40 (m, 6H) , 3. 35 (s, 9H) , 3. 780 (m. 4H) . 3. 90 
20 -4.35(m,4H),5.20(m, IH). 

[0 0 4 41 (-^J^fe^^lll 4) 

4 b mm^^-^^m i 3 xmhivtc^/i^:^:^^x ^ 
[004 51 Lmmmi ±m^mixmi^i^tc^t^m^ 

>SV^r l^V^^->fb Cu-ZnMCys-lll-ME-h-SODSrTIB<^A 

30 5(hM:^^mmmm(ms.5) Kmmi^ti cu-zimcys-in- 

ME-h-SOD^*^>^^;(;DL. 0"t:T*lPtK, M(-^M-e2^ 
KSi£$ii:So Rltm^Mi^Vs ir:7 r y z^-S -300 

-^^l^it Cu-ZnMCys-lll-ME-h-SOD^m^J^MSr*^?). Rg 
[004 61 :frffiB : tS^=^:^y'/l^m^<Di:^^ P a 

40 bX 0 X:\Z.}^i9 Lfc Cu-Zn^Cys-lll-ME-h-SOD^*K{C 
«Ti-^o ro^. Cu-ZnS!Cys-lll-ME-h-SOD^?^(^:D 
MF^50%in;tT43<o O^-cmffi^^^, :3^j£Ai 

[0 0 4 71 : 50mM4^!>^^«^g[(pH8.5) (3:^^ 

Vfc Cu-ZnSCys-lll-ME-h-SOD^?Kfc:, 20%<DDMFSr 

'r/U(Dr>MFmm^^^< ^ tmT^^o ox:t*15^k 

[0 0 4 81 (mmmi) 

>0 Cu-Zn^Cys-lll-ME~h-SOD 1 ^^htc ^ Ul^^ly^M^ 



(6) 
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i^W^ 2 m^^^ Vtc Cu-ZnMCys-lll-ME-h-S 

50inM:^l>^Jg®?R(pH8.5) imM^^ti Cu-Zn^Cys-ll 
1-ME-h-SOD t . Cu-Zn®Cys-l 1 l-ME-h-SOD<D^T 5 y S 

>y<^Mm^^^ — V—& (Lowry , O.K (1951) 
J. Biol. Chem., 193, 265). Cu-ZnMCys-Ul-ME-h-SO 

/l-^^m-rhV ^J^m. Goodwin, J.F. (1970) CI 

in. Chem., 16, 24) T*^T 5 ^ ^ i: J9 Cu-ZnSCys-lU- 
ME-h-SOD 1 ^^mtc ^ <D l^^^^>mmi^<D'^^mi:J^hb 

[0 0 4 9] (^JS^J2) 
Cu-Zn^Cys-11 1-ME-h-SOD 1 ^T-fci^c K> Ul^^>^mMW 
t^^^ 4 Lfc Ui^^l^it Cu-Zn^Cys-lU-ME-h-S 

50inM7j> i^^SWM (pH8. 5) ^ -^f^ Cu-Zn^Cys-l 1 

1-ME-h-SOD h . Cu-ZnSCys-lll-ME-h-SODCO^T ^ y S 20 
JC^fLTO. 8 flS^/VScO-g^^^y 1 4 T*^^ b/cStt:3c;:<. 

n% Cu-ZnSCys-ll 1-ME-h-SOD 1 ^"^^fz. K) <D Ui^ 

[0 0 5 01 (mmms) 

Cu-ZnSCys-ll 1-ME-h-SOD 1 ji^^hfz. ^ V-v-^ 
f)^^^ 8 m^^X^tl Cu-ZnMCys-lll-ME-h-S 
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* SOmM^N ^mmm^ (pH8. S) (C^^ ^^tc Cu-Zn^Cys-U 
1-ME-h-SOD t . Cu-ZnMCys-1 1 1-ME-h-SOD <0:^T ^ y S 
(^*fbT2.0 f»^/V»<D>g^^^!l8-C^^bfcffi'l4:ii>^7^ 

M L . Cu-ZnMCys-l 1 1-ME-h-SOD 1 ^tc^XDU v-^ 

[0 0 5 1] mmm4) 

^'>:^&JkitSi^m^'rM^mf^ui^^:yit Cu-ZnM 
Cys-lll"ME-h-S0D(OaJ$!|^* 

»J5KJ:t). ^mmmtl^XU^^^^it Cu-Zn^Cys-m- 
ME-h-SOD*fcr^ Cu-Zn^Cys-lll-ME-h-SOD^S^L. ;& 
J£l-Srrff|KO«r=f.^(lxlmm. il@42imn) T?5IiI^|t#(t 

fCo r(^'^^204>;^jfiLLfc:^. m^J^^\^:^^X:^y)^ 

[00 5 21 Kg^m^Ji br^i. WS/^Wk Cu-ZnSCy 

s-iii-ME-h-soD (^ifS^y 2 r*^^, soooou/kg i^tcmo 

OOOU/kg S:tt;S) . Cu-ZnMCys-lll-ME-h-SOD 

(60000U/kg ^^m) ^fflV^fCo JKtf^&tJSO^at bTMa 
nn-WhitneyCOU^^^fflVN-C^^M^^SrtTV^, P <0. 

05^:*rs*fe !9 tm^i^tzo r co^mMmsr^ i 

-To 
[0 0 5 31 
[*ll 







SUM* 


Uzy^yit Cu-ZnSICys-lll-ME-h-SQD 
Uzy^>H: Cu-ZnfflCys-llUffi-h-SQD 
Ca-Zn^Cys-imaB-h-SOD 


30000UAg 

eoooouAg 
mom/kg 


23. 5% 
33. 8% 
15. 2% 



[0 0 5 41 :i<D^^^X^. mMm2(OUZ^^>jt Cu- 
Zn^Cys-lll-ME-h-SOD 30000U/kg. 60000U/kg &-^mn 
hp^/W{-jt^bx-en^tt. P<0.05. P<0.01 

xm:^^M.hiv. ^m^h<^f^tm&^ihtc. Cu- 
ZnMCy s-1 1 1-ME-h-SOD 60000U/kg ^-^m ^ it ft L T 

Cu-ZnSCys-lll~ME-h-SOD(i. Cu-ZnMCys-111- 
ME-h-soDi: !9 :7 y - ^ i^:^/i-^^MV:.m^^^ :ztf)^h 

[0 0 5 51 *fc. ^mmmt LT^*5j;tJ^M«&;$5gae$^ 



^Lyhlll >X^;^^^i: h^m<D:^-'^<—:t^ 

40 VKx-r^^^A^-if (i^T. Cu-ZnMSer-Ul-r-h-SOD 

^v^5) immm2 tmrnKi^x^^i. 

tc) ^m^^fcm^t^i:mL^tiWM^m2\^^Ltco ^ 

<D^Ms Cu-Zn^Cys-lll-ME-h-SODJ^, Wv- 

Cu-ZnMSer-lll-h-SOD ^irbgebTtj. jqi^ij^a* 

[0 0 5 61 
[«21 
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Uzy^>ik Cu-ZnMCys-llHIB-h-SQD 
Uzy^>^ Cu-ZnMSer-lll-h-SOD 


SOOOOUAg 
30000U/kg 


24. 5% 
14. 7% 



I 0 0 5 7 1 &.±(DX 5 2 <D Uiy^>it Cu- 

Zn^Cys-1 1 1-ME-h-SODfi. >^ j^iLjg:??ffl{;i^ b Tfll 
$«^m;^>^m?>n';^::o :^;^c. t-V^Wt: Cu-Zn^Cys-lll- 
ME-h-SOD^^'>;^(C60000U/kg »j|Ria^LfcJ»*. V^i* 

[0 0 5 81 ^ 



10 ^iNiJ?— >^w^— ;^:^i/K^^;^i^>J?^-^^^^|- 
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